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Monday, March 7, 2011 241aE710A substitution (glutamic acid to alanine) reduces the fidelity through
a mechanism that remains unclear. Our studies of a doubly labelled E710A
polymerase (Pol[E710A]) showed that the binary complex favors the open
conformation more than the wild-type. More intriguingly, addition of the com-
plementary dNTP to a binary Pol[E710A]-DNA complex does not form the
closed conformation seen in the ternary complex of the wild-type polymerase;
in contrast, and at high nucleotide concentrations, Pol[E710A] adopts a FRET
state similar to that in ternary complexes of wild-type polymerase with mis-
matched dNTPs or complementary ribonucleotides; this state may correspond
to a partially closed conformation, and is also adopted by Pol[E710A]-DNA-
dNTP(mismatched) complexes, offering a possible explanation for the re-
duced fidelity associated with E710A. Since Pol[E710A] can perform DNA
synthesis, our results raise the question whether polymerisation occurs from
a partially closed conformation or a transiently formed closed complex; exper-
iments to address this question are in progress, along with studies of additional
mutators.
1321-Pos Board B231
Crystal Structures of Human Exonuclease I with DNA Provides Insight
into Substrate Selectivity and Mechanism
Jillian Orans, Elizabeth McSweeney, Paul Modrich, Lorena S. Beese.
Human Exonuclease 1 (hEXO1) plays an essential role in the maintenance of
genomic stability through nuclease activity on DNA intermediates involved in
replication, recombination, and repair. hEXO1 is a member of the structure-
specific 5’ nuclease family, which includes FEN-1 (flap endonuclease 1),
GEN-1 (gap endonulcease 1), and XPG (xeroderma pigmentosum complemen-
tation group G). This family possesses highly divergent protein sequences and
DNA substrate specificities. We present crystal structures of the hEXOI cata-
lytic domain in complex with a 5’ recessed DNA substrate, which represents
an intermediate structure in mismatch repair. The structure contains a core re-
gion seen in a variety of homologous FEN-1 structures; however, certain nu-
cleotide binding motifs are altered or repositioned. These structures with DNA
bound in an assembled active site provide the insight into the mechanism of
EXO1 and important family members. Contacts to the DNA are made primar-
ily to the complementary strand, anchored by a potassium-binding motif
observed previously in Pol b. Additional contacts are made through a hydro-
phobic wedge which induces a ~90 bend in the DNA. The 5’ substrate strand
is held in place mainly by base pairing; however, two bases must unpair from
the substrate strand to reach the active site. In a product complex the terminal
base in the active site is flipped and stabilized by pi-stacking interactions with
a tyrosine. The terminal phosphate is coordinated by two Mn2þ ions in a ge-
ometry consistent with other nucleases that cleave DNA using a two-metal ion
mechanism for catalysis. Structures of hEXO1 will greatly enhance under-
standing of substrate selection mechanisms and nuclease family mode of ac-
tion, as well as allowing us to model additional substrates. Analysis of these
structures may permit identification of protein-interaction surfaces critical to
DNA repair.
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The Involvement of DNA Mismatch in Repair of DSBs with Non-Cohesive
DNA Ends by the Pol I DNA Polymerases from Escherichia coli and
Thermus aquaticus
Yanling Yang.
Department of Biological Sciences, Louisiana State University, Baton Rouge,
LA 70803.
DNA is constantly being damaged by endogenous sources, such as reactive
oxygen species, and exogenous agents, such as ionizing radiation. Different
types of DNA damage are thought to be repaired through different repair path-
ways with distinct enzymatic machinery. However, recent studies have sug-
gested that there is mechanistic overlap between mismatch repair and
double-strand break (DSBs) repair. In this study we examine the in vitro repair
of DSBs with non-cohesive ends and a 3-base mismatch by Klenow and Klen-
taq polymerases, the large fragments of Pol I DNA polymerase from Escher-
ichia coli and Thermus aquaticus, respectively. Both polymerases bind
mismatched DNA about 0.6 kcal/mole tighter than matched DNA. However,
presence of the mismatch has different effects on the DSB repair capacity of
Klenow versus Klentaq. Presence of a mismatch inhibits the repair of DSBs
with non-complimentary 5’-overhangs or blunt ends by Klenow in the pres-
ence of T4 DNA ligase. In contrast, the repair capacity of Klentaq on the
same DSBs is improved by the presence of a mismatch. 5’-phosphate is
also essential for the repair of DSBs with mismatch by both polymerases.
The different effects of mismatch on the repair of DSBs by Klenow and Klen-
taq suggest that these polymerases have different recognition mechanisms for
DSB repair substrates.1323-Pos Board B233
DNA Unwinding Mechanism by Escherichia Coli ReCQ: Implications for
DNA Replication
Yong-Woon Han, Hiroaki Yokota, Yoshie Harada.
The RecQ protein family, a group of highly conserved DNA helicases in-
cluding Escherichia coli RecQ, Saccharomyces cerevisiae Sgs1, Shizosac-
charomyces Rqh1 and five gene products in humans, plays important roles
in maintaining genomic stability. A biochemical analysis showed that
E. coli RecQ unwinds various short DNA substrates (19 bp) with a fork con-
taining a gap on the leading strand more efficiently than those with a gap on
the lagging strand. A genetic analysis showed that the recQ deletion sup-
presses the induction of SOS response and the cell filamentation in cells
that carry the dnaE486 (a mutation in the DNA polymerase III a-catalytic
subunit), causing high proportion of anucleated cells. These previous results
suggest that RecQ functions to generate an initiating signal to recruit RecA
for SOS induction at stalled replication forks, which are required for the cell
cycle checkpoint. On the other hand, a recent report indicates that higher
concentration of RecQ is required for unwinding long DNA than for the
short DNA substrates as described above, suggesting that RecQ can unwind
DNA from not only the end but also the middle of the DNA. In this study,
we analyzed RecQ helicase activity using linearized plasmid DNA (2~3 kb)
with and without a fork to investigate DNA unwinding mechanism of RecQ
in more detail and would like to discuss how RecQ rescues stalled replication
forks.
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Displacement of SSB Protein from Single Stranded DNA by l Phage Beta
Protein
Andrew G. Stephen, Lakshman Bindu, Kenan Murphy, Donald Court,
Robert J. Fisher.
Genetic engineering in vivo by homologous recombination, also known as re-
combineering, is a well-established method allowing DNA alterations on any
replicon in E. coli. Recombineering uses the bacteriophage l Red recombina-
tion functions, Exo (a 5’ to 3’ double strand (ds)DNA exonuclease) and Beta
(a single strand (ss)DNA binding and annealing protein). Recombineering
with ss-oligonucleotides is more efficient than with dsDNA and requires
only Beta activity. One of the two possible complementary oligonucleotides
that can be used for any recombination gives a much higher frequency.
The oligonucleotide of the same sequence as Okazaki fragments at the repli-
cation fork lagging strand shows the higher recombination frequency. This
suggests a mechanism by which the oligonucleotide bound Beta is annealed
directly to the complementary single strand region at the replication fork.
For this to happen, single-strand DNA binding protein (SSB) would need to
be displaced during annealing of the Beta-oligonucleotide complex. Recently
Roy and colleagues (Nature (2009) 461, 1092-97) proposed that diffusion of
SSB along a single-strand DNA allows its displacement by RecA. A 99 base
oligo should be long enough to allow SSB to diffuse along it. We have inves-
tigated the binding of SSB to a 99 base oligonucleotide by surface plasmon
resonance (SPR) spectroscopy in the presence of complementary or non-
complementary oligos and without or with Beta. Beta only in the presence
of complementary oligo is able to facilitate the displacement of SSB. We
have evaluated the role of potassium glutamate and spermidine on Beta’s abil-
ity to displace SSB.
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Monitoring the Individual Motor Activities of RecB and RecD within the
E.coli Recbcd Helicase
Fuqian Xie.
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E. coli RecBCD is a bipolar DNA helicase consisting of two superfamily-1 mo-
tor subunits: RecB (3’ to 5’ directionality) and RecD (5’ to 3’ directionality).
Although these subunits have opposite translocation polarities, they function
in unison and unwind duplex DNA in the same net direction by acting on op-
posite ends of the nucleic acid. The activity of RecBCD is controlled by an 8
nucleotide sequence within the unwound ssDNA, called chi. Before interacting
with this chi site, the RecD motor moves faster than RecB. After chi, these rel-
ative rates are switched. However, it has been difficult to examine the coupling
between the two motors by measuring DNA unwinding activity alone. Re-
cently, we have developed a rapid kinetic assay (Wu et al (2010) Nature Struc-
tural & Molecular Biology (doi:10.1038/nsmb.1901) that allows us to monitor
independently the translocation activity of the RecB motor and the RecD motor
within a functioning RecBCD helicase. Using this approach we have examined
the activities of these two motors to determine the extent to which they are
242a Monday, March 7, 2011coupled within an active RecBCD enzyme. (supported by NIH GM045948 to
TML).
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Towards In Vivo Tracking of the E. coli Replisome Utilizing Single-
Molecule Fluorescence Microscopy
Charl Moolman, Sriram Tiruvadi Krishnan, Nynke Dekker.
The bacterium Escherichia coli replicates its circular chromosome in a bi-
directional manner, with individual replisomes simultaneously synthesizing
DNA. Replication is an extremely crucial process where even the slightest
mistake can have dire consequences for the cell. Much of our current knowl-
edge concerning the dynamics of the replisome has been obtained from in
vitro experiments not performed on the single-molecule level. The natural
environment of the cell is considerably different than that of in vitro solu-
tions. We for example do not yet have sufficient detail on the exact copy
numbers of the different molecules in a cell during cell division. These dif-
ferences can have a substantial influence on how certain proteins in a cell
function. Single-molecule techniques provide one with the added insight
into events that find place in the cell during replication that are not apparent
in ensemble averaging. It is thus essential that more quantitative in vivo
single-molecule research be conducted before we can fully understand the
details of DNA replication as it occurs in a living cell. In our research we
aim to use single-molecule fluorescence microscopy to track individual repli-
somes, and investigate their dynamics during the process of DNA replication
in living bacterial cells. Here we describe the microscopy and genetic tech-
niques involved in such experiments, as well as what our research outlook
entails.
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Helicase-Primase Interactions and their Structural Studies in Helicobacter
Pylori
Syed Arif, Abdul Rehman, Tara Kashav, Rambopal Nithrawal,
Suman K. Dhar, Samudrala Gourinath.
In eubacterial DNA replication initiation complex, two proteins of prime foci
are DnaB helicase, a homohexameric motor protein which unwinds duplex
DNA, and DnaG primase, a DNA dependent RNA polymerase which synthe-
sizes oligonucleotide primers for DNA replication.
In our study we have found the H. pylori DnaB helicase activity being stimu-
lated by H. pylori DnaG primase, suggesting the presence of helicase-primase
cohort at replication fork. We have reported the crystal structure of NTD of
HpDnaB helicase at 2.2 A˚ resolution. The structural details of NTD besides
SPR studies suggest that the linker region between NTD and C-terminal heli-
case domain plays a vital role in physiological assembly of NTD dimers, and
strong interaction with C-terminal domain (CTD) of primase. The sequence
analysis of the linker region reveals that they should form four helix bundles.
The surface charge distribution on the primase binding surface of NTD’s of var-
ious helicases shows that the DnaB-DnaG interaction and stability of the com-
plex appears to be charge dependent.
Experimental phasing (SAD) was used to solve the crystal structure of HpDnaG
primase CTD from 1.7 A˚ diffraction data. The structure is helical in nature like
the other two eubacterial DnaG primase CTD structures of Bacillus stearother-
mophilus and Escherichia coli. Structural comparison suggests that different
orientation of helical hairpin in the DnaG primase CTD may play an important
role in the regulation of primase activity.
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Towards the Kinetic Mechanism of S. cerevisiae MutLl DNA Mismatch
Repair Protein
Anushi Sharma, Manju Hingorani.
Mismatch repair (MMR) is essential for correcting base-pairing errors in
DNA. The MMR mechanism is most well understood in E. coli, where
MutS initially binds a mismatched base-pair and recruits MutL, which in
turn activates MutH, an endonuclease that nicks DNA to initiate excision
and resynthesis. In eukaryotes, the MutL homologue itself has endonuclease
activity, and its role and mechanism of action in MMR are under active in-
vestigation. Since MutL is a critical connecting link between mismatch rec-
ognition and initiation of repair, we are interested in understanding its
mechanism of action. To this end, we are currently characterizing S. cerevi-
siae MutLa over-produced in E. coli, with the aid of chaperonins, and puri-
fied by 3-column ion exchange chromatograpy; initial analysis has
demonstrated that the recombinant protein is an active endonuclease. In ad-
dition we are developing assays for transient kinetic analysis of MutLa. Spe-
cifically, we are using a PCR-based strategy to synthesize large quantities ofa 200 bp DNA substrate that contains a mismatched base-pair, with an adja-
cent 2-Aminopurine to detect MutSa binding, is of sufficient length to sup-
port MutLa binding, and has a pre-existing nick to stimulate MutLa
endonuclease activity. We plan stopped-flow and quench-flow DNA binding,
ATPase, and endonuclease experiments with these reagents to directly ob-
serve the events in the pathway between mismatch recognition and initiation
of DNA repair.
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Single Molecule Studies on the RNA Polymerase QDE-1 by Optical
Tweezers
Gabija Ziedaite, Anders E. Wallin, Heikki Ojala, Kalle Hanhija¨rvi,
Antti Aalto, Edward Hæggstro¨m, Dennis H. Bamford.
Cellular regulatory mechanisms which rely on small dsRNA molecules (RNA
silencing) are major (new) discoveries in biology.
In many eukaryotic organisms silencing is achieved post-transcriptionally
through pathways where dsRNA is synthesized by RNA-dependent RNA
polymerases (RdRPs) and processed into 21-25 nucleotide long RNA
molecules.
Here we study QDE-1, an RdRP involved in the quelling (RNA silencing) path-
way of Neurospora crassa. This filamentous fungus displays noticeable geno-
mic stability, which has been attributed to quelling and other silencing
mechanisms. Recently it was shown that QDE-1 is more active as a DNA-
dependent RNA polymerase (DdRP) than as an RdRp and that it is also in-
volved in DNA damage response (1,2). Recombinant QDE-1 displays five dif-
ferent enzymatic activities in vitro (3). The structural and biochemical data on
this enzyme is extensive (1-5).
We are interested on the basic biophysical parameters of QDE-1 action. The
approaches taken rely on single molecule assays using high resolution optical
tweezers, combined with fluorescence imaging. An optically levitated ‘dumb-
bell’ assay is used: the nucleic acid (NA) construct features one or two biotiny-
lated ends that tether two different microspheres. The protein of interest is
attached to the microsphere or directly to the NA tether. Since in our double-
trap instrument one trap is stable whereas the other mobile, we can manipulate
the tethers, detect changes in tether length and stiffness, and apply different
forces and simultaneously observe the mobility of the fluorescently labelled
template or protein.
1. Lee, H-C et al. (2009). Nature 459(7244), 274-277.
2. Lee, H-C et al. (2010). PLoS Biol. 8 (10), e1000469.
3. Aalto et al. (2010). The Journal of Biological Chemistry, 285, 29367-29374.
4. Salgado et al. (2006). PLoS. Biol. 4 (12), e434.
5. Makeyev E.V. & Bamford D.H. (2002). Mol Cell 10(6), 1417-1427.
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Structure-Function Analysis of the S. Cerevisiae PCNA Clamp-An Essen-
tial Protein in DNA Metabolism
Yayan Zhou, Manju Hingorani.
Circular clamp proteins enable processive DNA replication by tethering poly-
merases to the primer-template during DNA replication. Clamps also bind to
and coordinate the functions of many other proteins on DNA, and are there-
fore essential for a variety of DNA metabolic processes. Clamps are loaded
onto DNA in an ATP-fueled reaction by multi-subunit AAAþ protein com-
plexes known as Clamp Loaders. The mechanism of action of these proteins
is under active investigation, given their important role in genomic DNA rep-
lication, repair and recombination. According to our current kinetic model of
the S. cerevisiae RFC clamp loader, ATP binding to RFC activates the clamp
loader, allowing it to bind and open the PCNA clamp for entry of primer-
template DNA. DNA binding triggers ATP hydrolysis, PCNA closure around
DNA and release of the PCNA-DNA complex from RFC. At present, we are
investigating dynamic interactions between RFC, PCNA and DNA associated
with key events in the reaction as described above. In particular, we are ex-
ploring the possibility that interactions between positively charged residues
on the inside of the clamp and the DNA play an important role in triggering
clamp closure around DNA and catalytic turnover. In order to test this hy-
pothesis, we have prepared several PCNA mutants in which individual con-
served amino acids have been substituted with Alanine. Data from transient
kinetic analysis of the PCNA opening/closing, DNA binding/release, and
ATP binding/hydrolysis steps in the reaction indicate that even a single pos-
itively charged amino acid in PCNA can make a substantive contribution to
the reaction mechanism. These findings will help us to understand how con-
tact between PCNA and DNA influences both PCNA assembly and function
on DNA.
